Introduction
The uni-traveling-carrier photodiode (UTC-PD), which has a p-type photo-absorption layer and a widegap elecfton-collection layer, has been proposed as a device to provide a higher saturation output.') Because of the high electron velocity in the collection layer, this device is capable of operating at high current densities while still keeping its ultrafast response. The fabricated InP/InGaAs UTC-PD showed an output voltage as high as 1.9 V with a 3-dB bandwidth (fruo) of ll5 GHz.z)The experimental results also indicated that electron transport in a ptype photo-absorption layer is of prime importance in maximizing the operating speed.
In this paper, we demonstrate that the response time of the UTC-PD's dramatically changes with the carrier injection level and the background hole density in the photo-absorption layer.
The increase of fr* is more pronounced in a sfiucture with a lower hole density. This enhancement is attributed to the acceleration of electrons by the self-induced electric field associated with the hole current.
Experiments
The UTC-PD structures studied in this paper were grown on semi-insulating InP substrates by MOCVD. As shown in Fig. l From the Fourier transform of the measured photoresponses, the froo of the devices was evaluated. Figure 2 shows the laser pulse response of the UTC-pD with p = I.0 x 10tt cm-' when biased at -1.5 V. The observed \, increases as the laser power increases, and it reached I V when the input laser power (P,") was 0.99 pJlpulse. In this condition, the full width at its half maximum and the fru" of the UTC-pD response were 5.1 ps and 70 GHz, respectively.
Results and Discussion
In Fig. 3 applied to the device was also -1.5 V. This figure shows that the V"* -P,n characteristic is divided into two regions: the linear region where P," is small and \* is proportional to p,"; and the saturation region where \* scarcely changes with the increasing_ P,".The saturation Vo* is 1 V for the UTC-PD withp = 2.5 x 10" cm-t, and it increases slightly with the doping level.
The relation betweetr fro" and \, is shown in Fig. 4 for three types of UTC-PD's. The observed t* increases first with V"* up to a maximum.'The highest fru, = 150 GHz was obtained for the device with p = 2.5 x 10tt cm-'. After reaching its maximum, fru" decreases with Vo",. This fru, enhancement is more prominent for a lower doping level. It was confirmed that to, determined by the CR-time constant was estimated to be 360 GHz for these devices at the bias voltage of less than -1.0 V. So, the difference in vo* dependence of fru" is attributed to the difference in calrier traveling time in the devices.
When the photo-absorption layer doping level decreases, the minority elecffon mobility is expected to increases. This can reduce the carrier transit time in the absorption layer and thus increase fru". This effect, however, does not explain the enhancement of fro, with the increasing Vou,. As the photo-excited electrons are flowing toward the cathode, a hole current is induced in the photo-absorption layer. Ignoring the hole diffusion component, the hole current density /n ir approxi- ffi, (2) where, wo and s are the photo-absorption layer thickness and the device active area, respectively. From eq. (Z), A.Q,u is respectively estimated to be 60, 15, and 6 meV for p = 2.5 x 10tt, 1.0 x 10tt, and2.5 x 10t8at V*, = 0.4 V. As predicted in the previous paper,t) a static potential gradient of even 50 mev can considerably improve fr*. Although the self-induced electric field appears instantaneously, the tu" enhancement observed can basically be attributed to a similar mechanism.
Conclusion
The photoresponse of InP/InGaAs urc-pD was systematically investigated by changing the photo-absorption layer doping level from 2.5 x 10" to 2.5 x 10" cm-'. Fabricated devices generated the saturation output voltage of up to I v at a bias voltage of -1.5 v. From the behavior of 3-dB bandwidths vs. output voltage, we found the enhanced bandwidth as a result of the self-induced electric field in the photo-absorption layer.
